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The goal of this thesis is to support the construction of new language resources for low-
resource languages. To this end, it details a new approach to creating bilingual dictionaries of 
intra-family languages based on the pivot-based technique. The thesis consists of seven 
chapters. 
Chapter 1 outlines the thesis, including the research objective, approaches and issues.  
Chapter 2 describes the background of the thesis, the research problem and existing studies on 
bilingual dictionary creation. To this end, the word sense ambiguity problem, a key problem to 
be solved in automatic bilingual dictionary creation, and its existing solutions are described in 
detail. For the sake of comprehensibility, the existing studies are classified into various groups 
according to the type of the language resource used to create a new bilingual dictionary, such 
as parallel corpora, comparable corpora and bilingual dictionaries. In addition, the creation of 
bilingual dictionary of intra-family languages is also discussed from the viewpoint of the 
etymological closeness of the languages.   
In Chapter 3, a heuristic framework of bilingual dictionary induction is proposed.  
Large scale language resources are very useful for automatic acquisition of high quality 
bilingual dictionaries, but such resources are inaccessible for low-resource languages. 
Therefore, it is important to make best use of the limited available language resources. To this 
regard, a framework is designed to induce a new bilingual dictionary of an intra-family 
language pair from the incorporation of various types of language resources as well as human 
effort. To realize this, the heuristics is defined as a function to measure the relativeness of a 
cross lingual word pair based on certain criteria, and a list of heuristics are extracted from one 
or a group of language resources, which are then incorporated by a mathematical model to 
estimate overall semantic relativeness. The key insight of the framework are as follows: (1) the 
ability of creating heuristics from the structure of bilingual dictionaries by using a high-
resource language as a pivot between two intra-family languages, (2) incorporating predefined 
heuristics to estimate semantic relativeness of the cross-lingual word pairs, and (3) an iterative 
induction mechanism that can produce the new bilingual dictionaries in different quality range. 
To evaluate the framework, this chapter also details an experiment in which a bilingual 
dictionary of Uyghur and Kazakh languages, the members of Turkic language family, was 
created by using basic heuristics which were extracted from spelling similarity of these two 
languages and their existing bilingual dictionaries with Chinese, a member of Sino-Tibetan 
language family. As a result, a new dictionary was obtained with overall 85.2% correctness. 
Moreover, the word pairs in the output dictionary were separated into 11 groups in accordance 
with the iteration order and were evaluated independently. The evaluation revealed that about 
 32,000 word pairs were extracted at the first iteration, which take up roughly 50% of the total 
pairs, with a correctness of 95.3%. In short, the evaluation result showed that we can perform, 
using this framework, automated creation of a highly accurate bilingual dictionary.  
Chapter 4 presents a constraint approach to pivot-based bilingual dictionary induction.  
Using a third language to link two other languages is a well-known solution, and usually 
requires only two input bilingual dictionaries A-B and B-C to automatically induce the new 
dictionary, A-C. This approach has, however, never been demonstrated to utilize the complete 
structure of the input bilingual dictionaries, and this is a key problem because the data 
incompleteness negatively influences the induction result. This chapter describes a constraint 
optimization-based solution which enhances the quality of pivot-based bilingual dictionary 
induction. In other words, in this proposal, the lexicon similarity of intra-family languages are 
realized as semantic constraints and the structure of the input dictionaries are modeled as a 
Boolean optimization problem based on these constraints which is then formulated within the 
Weighted Partial Max-SAT (WPMax-SAT) framework, an extension of Boolean satisfiability. 
All of the encoded CNF (Conjunctive Normal Form), the predominant input language of 
modern SAT/MAX-SAT solvers, and formulas are evaluated by a solver to produce an 
optimally correct bilingual dictionary. Moreover, an alternative formalization within the 0-1 
Integer Linear Programming framework (also known as Pseudo-Boolean Optimization) was 
discussed as a comparison study regarding the computational complexity. A tool was designed 
as an implementation of the proposal using Sat4j, an open source SAT solving library, and 
IBM CPLEX, a widely used solver of Integer Linear Programming. Using this tool, the 
proposal was evaluated by inducing an Uyghur-Kazakh bilingual dictionary from Chinese-
Uyghur and Chinese-Kazakh dictionaries. As a result, the new dictionary gained 83.7% 
precision, which is about 10% higher than a baseline method, and 79.5% recall. 
Chapter 5 describes an extension to the constraint approach to the pivot-based bilingual 
dictionary induction.  
In the process of the pivot-based bilingual dictionary induction, an additional input dictionary 
may provide additional information for measuring the semantic relativeness of the cross-
lingual word pairs, which is key to suppressing the wrong sense matches. This is because the 
incompleteness of the existing dictionaries varies and it is reasonable to use the complete part 
of each dictionary as a shared information for measuring the semantic relativeness. Taking this 
into account the chapter details a proposal of an extended constraint approach to creating 
bilingual dictionaries of intra-family languages from more than two input dictionaries. As for 
the formulization, 0-1 Integer Linear Programming framework was preferred because the 
dramatic increase in the size of cardinality constraints due to an additional input dictionary is 
hardly handled by WPMax-SAT due to its dependence on poorly propositional logic. For an 
evaluation purpose, new dictionaries of Uyghur, Kazakh and Kyrgyz languages were induced 
from their dictionaries with Chinese, where Kyrgyz is also a member of Turkic language 
family. The inductions using two and three input dictionaries were conducted, respectively, to 
 observe the effect of an additional input dictionary on the induction quality. As a result, 
although the degree of the improvement varies from one language pair to another, an 
improvement was achieved for all language pairs when the three dictionaries were used as an 
input. On average, 4%, 2.6% and 4% gains in precision, recall and F-measure were achieved, 
respectively, which show the effect of the proposal of utilizing more existing bilingual 
dictionary resources. 
Chapter 6 provides the highlights of a bilingual dictionary induction software which was 
designed as an implementation of the proposals in this thesis. 
Chapter 7 summarizes the original contributions and future directions. To this end, this chapter 
discusses two possible extensions to the proposals 1) using human as heuristics and 2) 
incorporation of the heuristic framework and the constraint approach to the pivot-based 




















































  更に、試問の結果の要旨（例えば「平成 年 月 日論文内容とそれに関連した 
  口頭試問を行った結果合格と認めた。」）を付け加えること。 
 
Webでの即日公開を希望しない場合は、以下に公開可能とする日付を記入すること。 
要旨公開可能日：     年   月   日以降 
